The main purpose of this paper is to study the temporal evolution of the auroral electrojet indices one hour before and two hours after the instant of the sudden appearance of rayed southern lights (RAD5). We considered the observations of the RADs as the snapshot taken with a single all-sky camera placed at Belgrano Station (78.8°S, 38.8°W).
Introduction
Auroral luminosity observed within a few hours of local midnight, reproduces the dynamics of the Earth's magnetotail together with the particles flowing in the near and distant plasma sheet. The auroral substorm is a manifestation of changes in aurora that is associated with the polar magnetic substorm. It has two distinct phases, the expansive phase and the recovery phase (Akasofu, 1964) . The term magnetospheric substorm was assumed by Akasofu (1968) to represent different kind of substorms. The magnetospheric substorm is researched by phenomenological models which describe the phenomena, throughout the magnetosphere at the time of auroral perturbations (McPherron,1986a) . The understanding of the behaviour of the auroral substorm was expanded through the examination of low-latitude DMSP satellite images (Akasofu, 1974 (Akasofu, , 1976 . Rostoker et al. (1991) , interpreted the behavior of the coupled magnetosphere-ionosphere system employing an equivalent LRC circuit to exhibit the three dimensional current system (distinctive of directly driven magnetospheric substorm activity).
The development of the electric field in the plasma sheet, after a disruption of the current sheet flow has been elucidated using an electrical circuit model of the coupled magnetosphere-ionosphere system by Weimer (1992 Weimer ( , 1994 . Foster et al. (1971) adjusted the time corresponding to auroral breakup and the beginning of the expansion phase employing the sharp changes registered in magnetograms corresponding to an auroral zone midnight station and a low-latitude pre-midnight station. They confirmed the relationship between the southward interplanetary magnetic field component and the occurrence of substorms. McPherron et al. (1986b) researched the expansion phase of magnetospheric substorms examining sharp onsets in the AL index and their relationship with the IMF orientation They inferred that the onset is originated by an internal process in the magnetosphere that was possibly influenced by changes in the solar wind. The present work is a continuation of previous studies of diverse types of south natural -Member of the Scientific Career of the Consejo Nacional de Investigaciones Cientificas y T6cnicas (CONICET) of Argentina.
observations. In those studies we investigated the appearance of rayed structures, the sudden equatorward shift, the enhancement ofbrightness and the spectral composition as possible indicators of auroral breakup events. (Silbergleit and Schneider, 1992) .
Considering that the auroral electrojet indices have been defined to characterize the currents that flow in the ionosphere during auroral displays, we established the relationship among geomagnetic indices, the solar wind and the interplanetary magnetic field around the instant of the observation of a sudden equatorward shift (Silbergleit and Schneider, 1993; Silbergleit, 1995) .
In a previous report, some results of the present work, were presented (Silbergleit, 1994) .
Data Analysis
The period under investigation includes auroral substorms observed at Belgrano Station (its position on the Antarctic continent is showed in Fig. 1 ) during the dark months of 1971. For this interval complete optical auroral records were available from the Belgrano Station. We used the recordings of an all-sky camera, which took photos of the whole sky above 10° as locally visible. The skyline of this place is completely free, but a great number of photographs were not usable because the camera was installed in a low place and it was disturbed by frequent blizzards. The sky had to be dark enough for a number of stars to be identified on an all-sky image, and periods with bright moonlight were rejected. In addition, intermediate periods with partly cloudcover were not accepted. Periods with shortlived clearance during long intervals with covered sky were also excluded. In case more than one auroral form emerged, the most dominating one was taken into account. According to this, our set must be considered a lower limit to the large quantity of auroral substorms that occurred in this period.
To detect the Rayed Auroral Displays (RADs), we used 18.104 recordings of all-sky camera (at 1-minute intervals) and 12.103 visual observation cards (at 15-minute intervals). The quality of the allsky picture varied daily on account of the weather conditions.
We have studied the dependence of RADs on value of the AE and AL indices in the following cases: A. All the detected events (33 cases). B. Events that showed sharp variations in AE index around the moment of the sudden appearance of RADs (14 cases).
Thirty three observations of rayed structures, each one having an AE index value greater than 300 nT were selected for the period ranging from April to August. The temporal evolution of the studied indices, were normalized to the maximum value before using the method of superposed epoch.
Interplanetary magnetic field changes observed at the time of the appearance of the RADs are shown in Fig. 2 .
The hourly average value of the interplanetary magnetic field southward component was negative around the beginning of the rayed auroral displays in most of the studied cases (71%). This result was inferred only considering the events for wich the data were available (Fig. 3) .
The auroral electrojet magnetic activity indices and the interplanetary medium data were obtained from the World Data Centers: C2 for Geomagnetism and A for Rockets and Satellites respectively.
Theoretical Considerations
As a theoretical model, we used the electrical circuit of the coupled magnetosphere-ionosphere system, proposed by Weimer (1992 Weimer ( , 1994 . In this model, the electric field has the same shape as the electrojet current intensity, and it delineates the current in an electric circuit constituting of an inductor, a capacitor and a resistor connected in parallel. Using this model, the least-square-fit method has been applied to determine the hypotetical values of AE and AL indices (they have been represented by NTAE and NTAL). (1992, 1994) Length of the growing phase In the present study, t is the time from the detection of RADs. To obtain the values of the constants which minimized the total square-error between the data and the theoretical results, the method of Press et al. (1986) was used.
We observed that the average substorm values are compatible with the theoretical predictions if we take into consideration a delay less than 8 minutes. The resulting average and theoretical values of auroral zone magnetic activity indices are shown in Figs. 4, 5 and 6 whereas the constant values obtained are listed in Table 1 .
Our results, agree with the ones obtained by Weimer (1992 Weimer ( , 1994 , who used sixteen randomly chosen substorms (withAE peak, less than 600 nT) selected by visual inspection, and considered only the AE signature to define each isolated substorm.
Conclusions
In the present work, we have verified that the tendency of the auroral electrojet magnetic activity around the instant of the appearance ofrayed structures have deterministic shapes, which can be described through exponential functions.
We have also estimated the time between the appearance of RADs and the moment in which AE or -AL have their maximum values . We have obtained similar values to the length of the expansion phase of the magnetospheric substorms.
We have also confirmed that the hourly southward IMF component, is closely related to the occurrence of amoral substorms, because it was negative in 71% of the studied events (for which satellite data were available).
